Background: Low fruit and vegetable ( FV) consumption is a key risk factor for morbidity and mortality. Consumption of FV is limited by a lack of access to FV. Enhanced understanding of interventions and their impact on both access to and consumption of FV can provide guidance to public health decision-makers. The purpose of this scoping review is to identify and map literature that has evaluated effects of community-based interventions designed to increase FV access or consumption among five to 18-year olds. Methods: The search included 21 electronic bibliographic databases, grey literature, targeted organization websites, and 15 key journals for relevant studies published up to May 2011. Retrieved citations were screened in duplicate for relevance. Data extracted from included studies covered: year, country, study design, target audience, intervention setting, intervention strategies, interventionists, and reported outcomes.
Background
Low fruit and vegetable (FV) consumption is one of the top 10 global risk factors for mortality according to the World Health Organization (WHO) [1] . Increased FV consumption can help protect overall health status and reduce both disease risk and burden [2] . Fruit and vegetable intake among children is of particular interest due to growing recognition of the importance of nutrition for growth, development, and prevention of chronic diseases such as cardiovascular disease and obesity [2] . A number of studies have shown that childhood FV consumption patterns and preferences are predictive of patterns in adolescence and adulthood [3] [4] [5] [6] . It has been estimated that 2.7 million lives could be saved each year through increased and adequate FV consumption. In addition, this increased consumption of FV would decrease the worldwide non-communicable disease burden by almost 2% [7] .
Consumption of FV is limited by a lack of access to FV, which is a conspicuous issue facing low-and middle-income countries, but also affects high-income countries [8] . While FV intake is directly associated with socioeconomic status, many individuals do not meet recommended guidelines for FV intake regardless of country of origin and income status [8] . A systematic review of potential determinants of FV intake and intervention strategies found that availability and accessibility of FV and preferences had the most consistent positive relationship with FV consumption [9] . Another more recent systematic review of determinants of fruit and vegetable consumption among children and adolescents identified many individual level determinants including direct gradients associated with intake and socioeconomic status, home availability and accessibility, and parental intake patterns [8] . The environmental factors that influence consumption of FV extend beyond the individual to include: physical, economic and social factors; supply, availability and accessibility (includes costing); availability of FV in stores in the local community, schools, community-based programs; and policies at global, regional, national and local levels [8] [9] [10] [11] . Nutrition knowledge, preferences, and self-efficacy are also associated with increased intake of FV [8, 12, 13] and therefore have been included as secondary outcomes of interest for this review. Enhanced understanding of relevant intervention research and its impact on both access to and consumption of FV, as well as chronic disease health indicators, can provide guidance to public health decision-makers and policy-makers in the establishment and maintenance of effective and supportive nutritional programs.
Three reviews have previously examined the effect of community interventions to increase FV consumption, however, one review has not been updated in over 10 years [14] and the two others were limited to schoolbased interventions in high-income countries [15, 16] ; in these the previous reviews, the important issue of access to FV was not addressed [14] [15] [16] . The purpose of this scoping review is to identify and map literature that has evaluated the effects of community-based interventions designed to increase FV access and/or consumption among five to 18-year olds. The effectiveness of upstream interventions targeting children and adolescents (18 years and under) is of particular interest to decision makers since FV consumption patterns established in childhood tend to persist through adulthood [3] [4] [5] [6] . We are aware of a potentially complementary review that intends to examine interventions to increase FV consumption in preschool children (under 5 years) [17] and therefore focused on 5 to 18 year olds. Due to the large scope of this review topic, interventions focused solely on adults or specialized populations such as those with a specific chronic disease were considered beyond the scope of this review.
The initial step in this scoping review involved defining the research question in a PICOS (PopulationIntervention-Comparison-Outcome-Study Design) format. The PICOS question was defined by the research team and refined in collaboration with two public health librarians who subsequently implemented the search.
Methods

Inclusion criteria Participants
This review includes populations from low-, middle-, and high-income countries and focuses on children aged five to 18 years.
Interventions We included interventions delivered to anyone that brings about changes in FV access and consumption for five to 18 year olds (i.e., parents, communities, and others within the population, including children themselves). The following types of community-based interventions were included:
Nutrition-friendly schools initiatives Child nutrition programs such as breakfast/lunch and summer food service programs Community programs (e.g., community gardens) Health education related to increased FV consumption Economic supplements and subsidies to purchase FV, including subsidies for schools and food stamp programs Environmental school change strategies (e.g., changing the types of foods provided in cafeterias or vending machines) Environmental interventions/industry partnerships focused on point-of-purchase (e.g., restaurants, grocery store distributors and retailers); this might include campaigns to draw attention to healthier products in grocery stores or to highlight the benefits of certain foods or within store promotions and costs Population level initiatives (e.g., agricultural policies) Internet, telephone and media interventions Farm-to-school programs that use locally produced foods Social marketing campaigns Policies that affect accessibility factors Policies that seek to increase FV consumption (i.e., school board level, provincial/national level).
Locations
Intervention locations included: homes, schools, health departments, religious institutions, family/child centres, community/recreation centres, non-governmental organizations, and primary healthcare settings. We excluded programs or strategies delivered through hospitals; outpatient clinics located within hospital settings; commercial programs, such as Health Check; universities/ colleges; and metabolic or weight loss clinics.
Outcomes of interest
Our primary outcomes included measures of both access to and consumption of fruit, vegetables, or both. Evidence of intervention effects included: measures at individual, family, school or community levels. Measures of FV access included: FV supply (i.e., market inventory); and change in food environments, food disappearance, and food sales (in cafeterias and grocery stores). Food supply measures included information about which food items are distributed to different regions and areas. Market inventory refers to records a food supply organization keeps about which foods are being ordered or are available. Measures of FV consumption included: diet and food intake records, self-reported and/or reported by parents, teachers or both; food frequency questionnaires/balance sheets; food wastage and plate waste; and micronutrient measures (i.e., biomarkers of exposure to FV).
Our secondary outcomes included: awareness of importance/impact of FV consumption among targeted individuals, attitudes towards consumption of FV, general health measures including changes in weight, and adverse outcomes or unintended consequences.
Study designs
Acceptable designs for this review included systematic reviews (included research syntheses and meta-analyses), randomized and non-randomized studies (including cluster-controlled and controlled time series), interrupted time series (to assess changes that occur over time), and before-after studies with controls. Relevant clusters within studies, included school units, classrooms or communities rather than individuals as the unit of analysis.
Search strategy
Our search strategy included: electronic bibliographic databases; grey literature databases; reference lists of key articles; targeted internet searching of key organization websites; and hand searching of key journals.
We searched the following databases, adapting search terms according to the requirements of individual databases in terms of subject heading terminology and syntax: 
Study selection
A librarian conducted a search for relevant literature. The search strategy identified titles and abstracts. Teams of two reviewers conducted relevance screening to eliminate obviously irrelevant studies; each person independently reviewed titles and abstracts for relevance screening. All articles selected by either team member were retrieved for full text review. For citations with no abstract, the full article was retrieved for full text relevance screening.
Review teams independently examined the full text of retrieved articles for relevance. A third reviewer was consulted to resolve any disagreements related to inclusion of articles. Studies excluded following full text reviews and reasons for exclusion were documented. Articles in English, French and Spanish were reviewed at the inclusion screening stages (title/abstract and full text review).
Data extraction and sorting
For all included studies, data were extracted by two reviewers and included: year of publication, study design, types of outcomes reported and research location. When there was more than one publication per study, these citations were grouped into 'projects'. Only articles published in English and French underwent data extraction due to the fluency of available reviewers.
Results
Citation retrieval
The search strategy retrieved nearly 23,000 citations, which were reviewed by research assistants to remove duplications. Of the citations identified, 22,287 (97.3%) were found through published literature databases, 156 (0.7%) through grey literature searching, and 468 (2.0%) through hand searching relevant journals. Figure 1 ), title, year, location, design, target population, and types of outcomes measured. As seen in Appendix 2, very few studies from low-or middle-income countries were identified.
Study designs and outcomes
The final 289 unique studies included 30 knowledge syntheses (including narrative systematic reviews and metaanalyses) [ , 60 before-after studies , one mixed method study [307] , and three controlled time series studies [308] [309] [310] [306, 345] . The number of citations for each study design and the reported outcome measures are summarized in Table 1 . All study tallies included in the following sections and associated (Tables 2, 3, 4 and 5) include both knowledge syntheses and primary studies. 
Intervention target populations and outcomes
The target audiences for interventions may have included sub-groups within the age range of five to 18 years; however, adults who influence children's nutritional access or consumption may also have been targeted. For interventions that targeted these 'other' audiences, the articles needed to report outcomes for five to 18 year olds to be included in this review. Of the unique studies, 110 targeted five to seven year olds, 175 targeted eight to 10 year olds, 192 targeted 11 to 14 year olds, 73 targeted 15 to 18 year olds, 55 targeted parents, 12 targeted teachers, five targeted other service providers, and 13 targeted the general public. For a breakdown of outcomes reported in both knowledge syntheses and primary studies by target audience see Table 2 . Additional file 2 summarizes target audiences for each individual study together with other study features.
Intervention locations and outcomes
Each unique citation was also examined to identify the locations in which interventions were delivered. Interventions were delivered in a wide variety of locations: schools (n = 233), supermarkets (n = 9), religious institutions (n = 2), community or community centres (n = 37), camps (n = 7), primary care settings (n = 5), homes (n = 38), by internet (n = 6), and other locations (n = 26). The other locations included after school programs, Boy and Girl Scout troop meetings, child care centres, farms or farmers' markets, pediatricians' offices, YMCAs and youth programs. The outcomes measured in various locations of intervention delivery are shown in Table 3 [181] , or home plus internet components [231] . Three studies implemented interventions in primary care settings plus the home [25, 62, 63] . Others primarily targeted the home with other components delivered either by internet [251] , in other locations [151, 231, 270] , or both [46] . One study delivered an intervention within a religious institution combined and a camp [247] .
Intervention strategies and outcomes
Most studies implemented multi-faceted intervention strategies with only approximately 10% of studies implementing individual strategies to increase FV access or consumption. An example of a multiple intervention strategy is an educational series delivered primarily in a school with an added homework component to engage parents. The outcomes measured using different intervention strategies are shown in Table 4 (knowledge syntheses and primary studies).
Intervention delivery and outcomes
Unique studies were also examined to determine who had delivered interventions. Most often teachers (n = 130), school administrators (n = 32) and/or other school personnel (n = 49) were involved in delivery. In other cases, dieticians (n = 19), health departments or health ministries (n = 11), and other health professionals (n = 23) were responsible for implementation. Community lay persons and peers were involved in delivering interventions in 12 and 15 studies, respectively. In some studies the researchers implemented the interventions (n = 13), whereas in many others it was not stated who delivered the interventions. A breakdown of the outcomes and by whom the interventions were delivered (knowledge syntheses and primary studies) is summarized in [191, 230, 286] .
Knowledge syntheses summary
This scoping review identified 30 systematic reviews, all of which reported on consumption outcomes; only eight reported on access outcomes as well. Approximately two-thirds reported on our secondary outcomes of interest that included knowledge, attitudes, awareness, and general health measures. None of the included systematic reviews reported on harms.
Discussion
The Cochrane Public Health Group acknowledges that a scoping review is a critical step in defining a systematic review question [347] . We identified a large volume of interventional research found within peer-reviewed and grey literature associated with FV access and consumption. Using a scoping review process [347] , we categorized these studies with respect to outcomes based on a number of parameters such as study design, target audience, intervention location, intervention strategy, and intervention deliverer. The predominant outcome measure was consumption. In comparison, harm was included as an outcome measure in an extremely small number of studies, which may indicate that there are few risks or potential harms associated with interventions used to increase FV consumption. It also possible that harms were overlooked given that few of these studies evaluated interventions implemented in low-or middle-income countries where populations could be more vulnerable. The bias of studies toward high-income countries and not low-and middleincome countries warrants further investigation as intervention effectiveness may vary across these populations.
While consumption measures were commonly reported, this review identified a small yet important subset of literature examining the effectiveness of interventions that increase access to FV. We believe this to be a relatively overlooked but critically important issue since consumption of FV is contingent upon access to them. A number of articles discussed FV accessibility; however, many of these studies lacked before-after comparison data or other comparison groups. These studies were excluded during full text relevance screening since they did not evaluate the impact of an intervention or policy. Specific measures of access were lacking in included studies; authors often identified a goal of evaluating the impact of interventions or policies to increase FV access but measured changes in consumption behaviors as a proxy for access.
Measuring FV access seems to be further complicated by a lack of consistent, meaningful, validated instruments; across the studies there was great variability in the ways access was measured. While some studies evaluated the impact of policy change on FV access and consumption, very few looked at population level initiatives or reported on population subgroups to be able to evaluate their impact on children aged five to 18 years. Further, despite the potential benefits of increasing access to FV, only a small number of studies partnered with farms or involved establishing community gardens. We also did not find any studies that evaluated changes in food supply or market inventory, two additional factors that influence access to and consequently consumption of FV.
This review has several methodological and operational limitations. A number of studies that examined knowledge, attitudes, awareness, and general health measures were excluded if they did not also examine either of our primary outcomes of access or consumption. 
Conclusions
This scoping review sought to identify and map literature that has evaluated the effects of community-based interventions designed to increase FV access and/or consumption among five to 18-year olds. A variety of interventions have been used to support and increase FV consumption. Schools were the most common location for interventions, which were typically multi-faceted, targeted at individuals less than 15 years of age, and delivered by teachers or other school personnel. Additional research on implementing interventions in low-and middle-income countries is warranted based on the limited literature focusing on those populations. Finally, a somewhat narrow field of literature was identified with respect to FV access, suggesting that future research examining interventions to increase FV consumption should include direct outcome measures of FV access. Previously published syntheses revealed a gap in our understanding of the effectiveness of interventions that increase access to FV, since no syntheses that examined access to fruit and vegetables among children were found through our comprehensive literature search. While this scoping review identified several knowledge synthesis products, all were focused on FV consumption. Since consumption is contingent upon access, a focused systematic review that examines these interventions is needed. Such a review should examine and synthesize literature that seeks to increase access through interventions including (but not limited to): influencing FV supply, changing food environments, and enhancing FV sales in cafeterias and grocery stores.
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